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POSITIONING APPARATUS AND EXPOSURE 
APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a positioning appa 
ratus and exposure apparatus. 

BACKGROUND OF THE INVENTION 

[0002] In an exposure apparatus, inspection apparatus, 
machine tool, and the like, a positioning apparatus is used to 
position an object to be processed or the like. FIG. 8 is a 
perspective vieW shoWing the schematic structure of a 
positioning apparatus formed as a Wafer stage device for a 
semiconductor exposure apparatus. A Wafer stage device 
100 has a Wafer chuck for holding a Wafer (substrate). 
During exposure, the Wafer is stepped to sequentially trans 
fer a pattern onto the respective exposure regions on the 
Wafer. The Wafer stage device must have an accurate, 
high-speed positioning performance for forming a ?ne pat 
tern and improving throughput. 

[0003] To satisfy this demand, as shoWn in FIG. 9, the 
Wafer stage device 100 is formed by combining a coarse 
movement portion 101 and ?ne movement portion 102. The 
?ne movement portion 102 is mounted on an X-Y slider 103. 
A hydrostatic guide (not shoWn) is arranged on the loWer 
surface of the X-Y slider 103 to alloW the X-Y slider 103 to 
move smoothly on a surface plate 104. An X beam 105 and 
Y beam 150 extend through the X-Y slider 103 to transmit 
thrusts in X and Y directions to the X-Y slider 103. The X 
beam 105 and Y beam 150 are perpendicular to each other. 
The X beam 105 is hydrostatically guided by an X yaW 
guide 151 ?xed to the surface plate 104. This regulates 
inclination of the X beam 105 in a yaW direction Within an 
X-Y plane, so that the X beam 105 can move only in the X 
direction. The Y beam 150 is hydrostatically guided by a Y 
yaW guide 152 ?xed to the surface plate 104 to be perpen 
dicular to the X yaW guide 151. This regulates inclination of 
the Y beam 150 in the yaW direction Within the X-Y plane, 
so that the Y beam 150 can move only in the Y direction. 

[0004] The thrusts are supplied to the X beam 105 and Y 
beam 150 by X-movement linear motors 110a and 110b 
arranged at the tWo ends of the X beam 105, and Y-move 
ment linear motors 111a and 111b arranged at the tWo ends 
of the X beam 105, respectively. Each of the linear motors 
110a, 110b, 111a, and 111b includes a movable element and 
stator. Magnets serving as the movable elements are ?xed to 
the tWo ends of each of the beams 105 and 150. When the 
movable elements are moved, the corresponding beams can 
be moved. 

[0005] The positional relationship among the X beam 105, 
Y beam 150, and X-Y slider 103 Will be explained by Way 
of the positional relationship betWeen the X beam 105 and 
X-Y slider 103. 

[0006] FIGS. 10 and 11 are a (partially cutaWay) plan 
vieW and side vieW shoWing the structure of the X beam 105 
and X-Y slider 103. FIG. 12 is a perspective vieW of a coil 
unit 108 (to be described later). As shoWn in FIG. 12, the 
coil unit 108 obtained by Winding a coil 107 on a core 106 
(to be referred to as an E core hereinafter) is ?xed to the X-Y 
slider 103. The E core 106 is obtained by stacking silicon 
steel plates each having an E shape. In the example shoWn 
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in FIG. 10, a total of four coil units 108a, 108b, 1086, and 
108d are ?xed to the X-Y slider 103 such that tWo units on 
either sides of the X beam 105 sandWich it. 

[0007] Rectangular parallelepiped cores 109a and 10% 
(to be referred to as I cores hereinafter), each obtained by 
stacking silicon steel plates, are ?xed to the tWo side 
surfaces of the X beam 105 Within the movable range of the 
X-Y slider 103. 

[0008] As shoWn in FIG. 12, a gap h is formed betWeen 
the E core 106 and the corresponding I core 109. When a 
current is supplied to the coil 107, a magnetic circuit is 
formed betWeen the E core 106 and I core 109 to generate 
an attracting force. The gap h can be changed by using the 
attracting force to control the positions of the X beam 105 
and X-Y slider 103 relative to each other. 

[0009] The pair of coil units 108a and 108b and the pair 
of coil units 1086 and 108d are arranged on the tWo sides of 
the X beam 105 such that the lines of operation of the 
attracting forces substantially coincide With each other. 
Thus, the X-Y slider 103 can be moved in tWo directions, 
i.e., to the + and — sides in the X direction. 

[0010] Gaps h1, h2, b3, and h4 (see FIG. 10) are detected 
by sensors (not shoWn). While controlling currents to be 
supplied to the coil units 108a, 108b, 1086, and 108d on the 
basis of detection information obtained by the sensors, the X 
beam 105 is moved by the X-movement linear motors 110a 
and 110b. Thus, the X-Y slider 103 can be moved While it 
is kept not to be in contact With the X beam 105. 

[0011] This structure applies to betWeen the Y beam 150 
and X-Y slider 103. When the X beam 105 and Y beam 150 
are moved independently of each other, the X-Y slider 103 
can be moved in the X and Y directions on the surface of the 
surface plate 104. 

[0012] Usually, during operation, the X-Y slider 103 is 
moved While maintaining the X beam 105 and Y beam 150 
not to be in contact With the X-Y slider 103. To move the 
X-Y slider 103 by driving the beams 105 and 150 While 
maintaining the gaps h betWeen the I cores 109 on the X 
beam 105 side and Y beam 150 side and the E cores 106 on 
the X-Y slider 103 side, the currents to be supplied to the E 
cores 106 must be controlled highly accurately. 

[0013] During operation before a stage Where highly accu 
rate control operation is performed as in assembly, during 
test operation in maintenance, or When unexpected distur 
bance occurs, sometimes the noncontact state betWeen an I 
core 109 on a beam side and an E core 106 on the X-Y slider 

103 side cannot be maintained, and the I core 109 and E core 
106 may undesirably come into contact With each other. 
When this contact occurs, it may form a hitting mark on a 
pertinent component or Wear it. Then, the gap h betWeen the 
I core 109 and E core 106 may change locally, or the upper 
surface processed by plating or the like may be damaged to 
cause the I core 109 or E core 106 to rust, eventually 
impairing smooth movement of the X-Y slider 103. This 
interferes With accurate positioning. As ?uctuations in gap h 
betWeen the I core 109 and E core 106 can cause the X-Y 

slider 103 to rotate in a yaW direction (uuZ direction), the 
edge of the E core 106 may come into contact With the I core 
109 to promote the damage. Furthermore, if the X-Y slider 
103 moves With the I core 109 and E core 106 being in 
contact With each other, the damage can become more 
apparent. 
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SUMMARY OF THE INVENTION 

[0014] The present invention has been made in recognition 
of the above problems by the present inventor, and has as its 
object to prevent Wear or damage of the constituent com 
ponents of the positioning apparatus. 

[0015] A positioning apparatus according to the present 
invention comprises a beam, a movable member Which 
surrounds at least a part of the beam and moves With the 
beam, an actuator Which generates a force betWeen the beam 
and the movable member to control a positional relationship 
betWeen the beam and the movable member, and a position 
regulator Which regulates the positional relationship 
betWeen the beam and the movable member. 

[0016] According to a preferred embodiment of the 
present invention, a minimum gap betWeen the beam and the 
movable member can be determined by the position regu 
lator. 

[0017] According to a preferred embodiment of the 
present invention, the actuator can include a ?rst element 
?xed to the beam and a second element ?xed to the movable 
member, and the position regulator can be arranged so that 
the ?rst and second elements do not come into contact With 
each other. Alternatively, the actuator can include an element 
?xed to the beam, and the position regulator can be arranged 
so that the element and the movable member do not come 
into contact With each other. Alternatively, the actuator can 
include an element ?xed to the movable member, and the 
position regulator can be arranged so that the element and 
the beam do not come into contact With each other. 

[0018] According to another preferred embodiment of the 
present invention, the actuator can be formed to control the 
positional relationship betWeen the beam and the movable 
member by an electromagnetic force. Alternatively, the 
actuator can be formed to control the positional relationship 
betWeen the beam and the movable member by a gas 
pressure. 

[0019] According to still another preferred embodiment of 
the present invention, the position regulator can include a 
bearing. The bearing can have an outer ring Which can rotate 
about an axis perpendicular to a plane on Which the movable 
member can move along the beam. The bearing can be 
formed such that an impact to be applied to the bearing can 
be buffered by decreasing a gap betWeen the beam and the 
movable member. The bearing has, e.g., a buffer member 
around an outer ring. 

[0020] According to still another preferred embodiment of 
the present invention, the position regulator comes into 
contact With the beam or the movable member, When a gap 
betWeen the beam and the movable member reaches a 
predetermined value, to be able to regulate the positional 
relationship betWeen the beam and the movable member 
such that the gap betWeen the beam and the movable 
member does not decrease to as small as less than the 
predetermined value. 

[0021] According to still another preferred embodiment of 
the present invention, the position regulator can be arranged, 
betWeen the beam and the movable member, at each of at 
least tWo positions on tWo sides of the actuator. 

[0022] An exposure apparatus according to the present 
invention comprises the positioning apparatus described 
above as an apparatus for positioning a substrate. 
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[0023] According to the present invention, for example, 
Wear or damage to the constituent components of the posi 
tioning apparatus can be prevented. 

[0024] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

[0026] FIG. 1 is a (partially cutaWay) plan vieW shoWing 
part of an X beam and X-Y slider in a Wafer stage device or 
positioning apparatus (?rst embodiment); 
[0027] FIG. 2 is a sectional vieW taken along the line 
X2-X2‘ of FIG. 1 and seen leftWard; 

[0028] FIG. 3 is a (partially cutaWay) plan vieW shoWing 
part of an X beam and X-Y slider in a Wafer stage device or 

positioning apparatus (second embodiment); 
[0029] FIG. 4 is a (partially cutaWay) plan vieW shoWing 
part of an X beam and X-Y slider in a Wafer stage device or 
positioning apparatus (third embodiment); 
[0030] FIG. 5 is a sectional vieW taken along the line 
X3-X3‘ of FIG. 4 and seen leftWard; 

[0031] FIG. 6 is a (partially cutaWay) plan vieW shoWing 
part of an X beam and X-Y slider in a Wafer stage device or 

positioning apparatus (fourth embodiment); 
[0032] FIG. 7 is a sectional vieW taken along the line 
X4-X4‘ of FIG. 6 and seen leftWard; 

[0033] FIG. 8 is a perspective vieW shoWing the sche 
matic structure of a positioning apparatus; 

[0034] FIG. 9 is a partially exploded perspective vieW of 
the positioning apparatus; 

[0035] FIG. 10 is a (partially cutaWay) plan vieW shoWing 
the conventional structure of an X beam and X-Y slider; 

[0036] FIG. 11 is a side vieW shoWing the conventional 
structure of the X beam and X-Y slider; 

[0037] FIG. 12 is a perspective vieW shoWing the struc 
ture of a coil unit in a linear motor; 

[0038] FIG. 13 is a vieW shoWing the schematic structure 
of an exposure apparatus having a built-in positioning 
apparatus or Wafer stage device of the present invention 
represented by the ?rst to fourth embodiments; 

[0039] FIG. 14 is a ?oWchart shoWing a semiconductor 
device manufacturing process using an exposure apparatus 
having a built-in positioning apparatus or Wafer stage device 
of the present invention represented by the ?rst to fourth 
embodiments; and 

[0040] FIG. 15 is a ?oWchart shoWing a preprocess in the 
semiconductor device manufacturing process using the 
exposure apparatus having the built-in positioning apparatus 
or Wafer stage device of the present invention represented by 
the ?rst to fourth embodiments. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] The preferred embodiments of the present inven 
tion Will be described hereinafter. Matters that are not 
particularly referred to in the following description can 
folloW the matters that have already been described With 
reference to FIGS. 8 to 12. 

First Embodiment 

[0042] FIG. 1 is a (partially cutaWay) plan vieW shoWing 
part of an X beam 105 and X-Y slider 103 in a Wafer stage 
device or positioning apparatus shoWn in FIGS. 8 and 9. 
FIG. 2 is a sectional vieW taken along the line X2-X2‘ of 
FIG. 1 and seen leftWard. 

[0043] The positioning apparatus has the beam 105, a 
movable element including the X-Y slider 103 Which sur 
rounds at least part of the beam 105 and moves together With 
the beam 105, an actuator including E cores 108a to 108a' 
and I cores 109a and 109b Which generate a force betWeen 
the beam 105 and the movable element and regulate the 
positional relationship betWeen the beam 105 and movable 
element, and a position regulator including stoppers 118a to 
118a' and pedestals 117a to 117d Which regulate the posi 
tional relationship betWeen the beam 105 and the movable 
element. The minimum gap betWeen the X beam 105 and the 
movable element is determined not by the actuator but by the 
position regulator. Hence, the position regulator prevents the 
beam 105 and the movable element from moving close to 
each other to Wear or damage the actuator. 

[0044] In the example shoWn in FIG. 1, a total of four coil 
units 108a, 108b, 1086, and 108d, i.e., tWo coil units on one 
side and tWo other units on the other side of the X beam 105 
to sandWich it, are ?xed to the X-Y slider 103. As shoWn in 
FIG. 12, each of the coil units 108a, 108b, 1086, and 108d 
can be formed by Winding a coil 107 around an E core 106 
obtained by stacking silicon steel plates each having an E 
shape. 
[0045] The rectangular parallelepiped I cores 109a and 
109b each obtained by stacking silicon steel plates are ?xed 
to the tWo side surfaces of the X beam 105 Within the 
movable range of the X-Y slider 103. 

[0046] Gaps h1 to h4 betWeen the E core end faces of the 
coil units 108a to 108a' and the corresponding X beam 
105-side I core end faces can be designed to, e.g., about 
several ten pm. The distances betWeen the upper surfaces 
(surfaces opposing the I cores) of the three comb ?ngers of 
the respective E cores and the E core attaching surfaces 
(surfaces Where the E cores are to be attached) of the X-Y 
slider 103 are important in determining the gaps h1 to h4. 
When a plurality of E cores are present, preferably, all the 
upper surfaces of the comb ?ngers of the plurality of E cores 
arranged in a roW are machined simultaneously to decrease 
errors among the upper surfaces of the comb ?ngers to 
several pm or less. Spacers may be interposed betWeen the 
E core attaching surfaces and the E cores, and the spacer 
thicknesses may be adjusted. When four coil units are used, 
the electromagnetic attracting forces generated betWeen the 
coil units and I cores can perform posture control in each of 
the X direction and a rotational direction Within an X-Y 
plane. 
[0047] The stoppers 118a to 118d are arranged beside the 
coil units 108a to 108d. The stoppers 118a to 118d are ?xed 
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to the X-Y slider 103 at, e.g., four portions, through the 
pedestals (support members) 117a to 117d. Distances g1 to 
g4 betWeen the distal end faces (surfaces opposing the I 
cores) of the stoppers 118a to 118a' and the I core end faces 
are designed to be smaller than the gaps h1 to h4 betWeen the 
coil units and I cores. Thus, When the gaps betWeen the X 
beam 105 and the E cores on the X-Y slider 103 decrease, 
or the X-Y slider 103 is inclined in a yaW direction (uuZ 
direction) With respect to the beam 105, the stoppers come 
into contact With the I cores before the E cores of the coil 
units come into contact With the I cores. Thus, the E cores 
can be prevented from being damaged or Worn. 

[0048] At least the distal end portions (distal end faces) of 
the stoppers 118a to 118d are preferably made of a material 
having a small sliding resistance so that the distal end 
portions can stand movement in the Y direction While the 
stoppers 118a to 118d are in contact With the I cores 109a 
and 109b. At least the distal end portions (distal end faces) 
of the stoppers 118a to 118d are preferably made of a 
material having a good Wear resistance so that the stoppers 
118a to 118d do not generate foreign substances by friction. 
Although FIG. 1 shoWs a structure having four coil units 
and four stoppers, the numbers of coil units and stoppers can 
be changed When necessary. 

[0049] As described above, according to this embodiment, 
in a positioning apparatus in Which electromagnetic attract 
ing forces are exerted betWeen the X-Y slider 103 and X 
beam 105 by the coil units and I cores to move the X-Y slider 
103 not to be in contact With the X beam 105, the gaps g1 
to g4 betWeen the stopper end faces and the I cores ?xed to 
the beam are designed to be smaller than the gaps h1 to h4 
betWeen the E cores and I cores. This means that the 
minimum gap betWeen the X beam 105 and the X-Y slider 
103 Which surrounds at least part of the X beam 105 is 
determined not by the gaps betWeen the E cores and I cores 
but by the stoppers. Thus, contact betWeen the E cores and 
I cores can be prevented to realiZe smooth movement of the 
X-Y slider 103. 

[0050] When the stoppers are set betWeen the X beam 105 
and X-Y slider 103 at at least tWo positions on each of the 
tWo sides of the coil units 108a (101%) and 1086 (108a) 
Which are arranged in a roW, contact betWeen the E cores and 
I cores Which occurs When the X-Y slider 103 is inclined in 
the yaW direction (uuZ direction) can be prevented reliably. 
[0051] This embodiment can be applied also to betWeen 
the Y beam 150 and X-Y slider 103. 

Second Embodiment 

[0052] In the second embodiment, as an actuator that 
maintains an X-Y slider 103 and X beam 105 in a noncontact 
state, an air pad using a gas pressure is employed. FIG. 3 is 
a (partially cutaWay) plan vieW shoWing part of the X beam 
105 and X-Y slider 103 in a Wafer stage device or position 
ing apparatus shoWn in FIGS. 8 and 9. 

[0053] Four air pads 119a to 119d Which are made of, e.g., 
a porous ceramic material, and include air injecting portions 
are ?xed to the X-Y slider 103. Compressed air is supplied 
to the air pads 119a to 119d through air supply pipes (not 
shoWn). When the air is discharged from the air pad end 
faces opposing the side surfaces of the X beam 105 through 
the air injecting portions of the air pads 119a to 119d, the 
X-Y slider 103 and X beam 105 can be maintained in the 
noncontact state. 



US 2005/0186064 A1 

[0054] Outside the air pads 119a (119b) and 119c (112d), 
stoppers 118a to 118d serving as position regulators are 
?xed to the X-Y slider 103 at four portions through pedestals 
(support members) 117a to 117d. Gaps g1 to g4 betWeen the 
distal end faces (the surfaces opposing the X beam) of the 
stoppers 118a to 118a' and the side surfaces of the X beam 
105 are designed to be smaller than gaps h1 to h4 betWeen 
the end edges of the air pads and the end faces of the X beam 
105. 

[0055] Typically, the gaps betWeen the air pads 119a to 
119a' and the X beam 105 are smaller than the gaps betWeen 
the E cores and I cores that use electromagnetic forces like 
those in the ?rst embodiment. Thus, the gaps betWeen the 
stoppers 118a to 118a' and the X beam 105 should also be 
de?ned With higher accuracy. The air pads and stoppers may 
be machined simultaneously. 

[0056] As described above, according to the second 
embodiment, in the positioning apparatus Which utiliZes a 
gas pressure to maintain the X-Y slider 103 in noncontact 
With the X beam 105, the gaps betWeen the stopper end faces 
and the X beam 105 are designed to be smaller than the gaps 
betWeen the air injection surfaces and the X beam 105. This 
prevents contact betWeen the air pads 119a to 119a' and the 
X beam 105 to realiZe smooth movement of the X-Y slider 
103. 

[0057] When the stoppers are set betWeen the X beam 105 
and X-Y slider 103 at at least tWo positions on each of the 
tWo sides of the air pads 119a (11%) and 119c (119d) Which 
are arranged in a roW, contact betWeen the E cores and I 
cores Which occurs When the X-Y slider 103 is inclined in 
the yaW direction (uuZ direction) can be prevented reliably. 

[0058] This embodiment can also be applied to betWeen 
the Y beam 150 and X-Y slider 103. 

[0059] Although the air pads are preferably provided to 
the X-Y slider 103, as described above, they may be 
provided to the X beam 105 or Y beam 150. 

Third Embodiment 

[0060] The third embodiment is directed to an improve 
ment in the structure of the stopper (position regulator) of 
each of the ?rst and second embodiments. An eXample in 
Which the stopper of the ?rst embodiment is improved Will 
be described hereinafter. The stopper of the second embodi 
ment can also be improved in the same manner. 

[0061] FIG. 4 is a (partially cutaWay) plan vieW shoWing 
part of the X beam 105 and X-Y slider 103 in the Wafer stage 
device or positioning apparatus shoWn in FIGS. 8 and 9. 
FIG. 5 is a sectional vieW taken along the line X3-X3‘ of 
FIG. 4 and seen leftWard. 

[0062] The embodiment shoWn in FIGS. 4 and 5 is 
different from the ?rst embodiment (FIGS. 1 and 2) in that, 
instead of the stoppers 118a to 118d not having rotary 
members, four bearings 120a to 120d including rotary 
members (outer rings) are ?Xed to the X-Y slider 103. The 
inner rings of the bearings 120a to 120d are ?Xed to the X-Y 
slider 103 through support members 121a to 121a' and serve 
as stoppers, so that their outer rings can rotate about shafts 
parallel to the Z aXis. Gaps g1 to g4 betWeen the bearings 
120a to 120a' and I cores 109a and 109b are designed to be 
smaller than gaps h1 to h4 betWeen the E cores and I cores. 
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Thus, When the gaps betWeen the X beam 105 and the E 
cores on the X-Y slider 103 decrease, or the X-Y slider 103 
is inclined in a yaW direction (uuZ direction) With respect to 
the beam 105, the bearings come into contact With the I cores 
before the E cores of the coil units come into contact With 
the I cores. Thus, the E cores can be prevented from being 
damaged or Worn. 

[0063] The four bearings 120a to 120d including the 
rotary members (outer rings) form the stoppers. Regarding 
the X beam 105, When the X-Y slider 103 is to be moved in 
the Y direction, even if the outer ring of a bearing comes into 
contact With the X beam 105, the sliding resistance is small, 
and the damage to the X beam 105 itself can be minimiZed. 
In each bearing, a gap is present among the rolling member 
such as a ball, the inner ring, and the outer ring to produce 
play. The gaps g1 to g4 can be assumed to include the play 
amounts. 

[0064] The I core can be typically made of a soft material 
such as silicon steel. To further decrease the damage to the 
I core, preferably, the outer surface of the outer ring of the 
bearing may be ?tted With a soft-material ring, e.g., a resin 
ring, coated With a resin, or Wound by a tape or the like as 
a buffer member. Alternatively, it is also effective to plate the 
I core With a rigid material or to heat-treat the I core to 
increase its surface hardness, thus increasing the Wear resis 
tance. 

[0065] The third embodiment can also be applied to 
betWeen the Y beam 150 and X-Y slider 103. 

Fourth Embodiment 

[0066] The fourth embodiment provides an improvement 
over the third embodiment. 

[0067] FIG. 6 is a (partially cutaWay) plan vieW shoWing 
part of the X beam 105 and X-Y slider 103 in the Wafer stage 
device or positioning apparatus in FIGS. 8 and 9. FIG. 7 is 
a sectional vieW taken along the line X4-X4‘ of FIG. 6 and 
seen leftWard. 

[0068] The fourth embodiment is different from the third 
embodiment in the folloWing respects. Of the structure of the 
X beam 105, those portions Which the outer rings of bearings 
120a to 120d come into contact With are shifted from I cores 
Which can generally be made of a soft material, such that the 
outer rings come into contact With the end faces of the X 
beam 105. This not only prevents contact of the E cores and 
I cores, but also prevents damage, Wear, and the like to the 
I core caused by the contact With the bearings 120a to 120d, 
to realiZe smooth movement of the X-Y slider 103. 

[0069] The fourth embodiment can also be applied to 
betWeen the Y beam 150 and X-Y slider 103. 

[0070] Also, in the ?rst embodiment, of the structure of 
the X beam 105, those portions With Which the stoppers 
come into contact can be shifted from the I cores, such that 
the stoppers come into contact With the end faces of the X 
beam 105. 

[0071] [Application] 
[0072] FIG. 13 is a vieW shoWing the schematic structure 
of an eXposure apparatus having a built-in positioning 
apparatus or Wafer stage device of the present invention 
represented by the ?rst to fourth embodiments. The eXposure 






